with malignant melanoma of the choroid of which 300 were treated by primary enucleation and 100 by the application of a cobalt plaque. Others were treated by light coagulation, and in some cases, particularly in older people, no active treatment was given but the patient was kept under careful observation.
From 1960 to 1975 in the Oncology Clinic at Moorfields Eye Hospital 420 patients were seen with malignant melanoma of the choroid of which 300 were treated by primary enucleation and 100 by the application of a cobalt plaque. Others were treated by light coagulation, and in some cases, particularly in older people, no active treatment was given but the patient was kept under careful observation.
The purpose of this paper is to report 23 cases in which the eyes have been removed after cobalt plaque therapy for malignant melanoma of the choroid and to describe the histopathological changes.
Case reports
The ages of the patients varied between 30 and 75 years (average 51 years), and there were 14 males and 9 females. The interval between treatment by cobalt plaque therapy and enucleation of the affected eye varied from 7 months to 13 years and 10 months, but when the latter case is excluded the average interval was 32 months. The reasons for enucleation fell into 2 groups-failure of treatment with strong suspicion or clear clinical evidence of continued growth of the tumour, and radiation complications in the treated eye.
Female aged 47, presented in January 1962 with a malignant melanoma of the choroid affecting the infero-temporal quadrant of the left eye near the optic disc. A 10 mm cobalt plaque was applied, but the eye became blind and was enucleated 15 months after treatment. The patient is alive without recurrence 14 years after cobalt therapy.
Microscopical examination of the eye showed a spindle cell malignant melanoma of the choroid, with a moderate pigment content and a light reticulin content. There was no evidence of extraocular extension. A small area of necrosis was seen in the base of the neoplasm.
There was proliferation of the choroidal pigment adjacent to the growth, atrophy of Bruch's membrane and of the pigment epithelium over the tumour, subretinal exudate, and exudates in the detached retina overlying the melanoma. CASE 2 This 59-year-old man had a large tumour at the posterior pole of his right eye treated by a 10 mm cobalt plaque. The eye was enucleated 10 months after treatment because of increasing size of the tumour. The patient is alive without recurrence 11 years after cobalt therapy.
Microscopical examination of the eye showed a spindle cell malignant melanoma of the choroid, having a moderate pigment and reticulin content. 221 There was no evidence of necrosis, and extraocular extension was not seen.
There was thickening and narrowing of the posterior ciliary arteries, but the other structures were histologically normal in appearance. CASE 3 Female aged 55, presented in 1963 with a history of blurred vision in the left eye for 3 months. A choroidal neoplasm was found in this eye, with a visual acuity of 6/12. A 15 mm cobalt plaque was applied, but postoperatively the mass increased in size and a retinal detachment developed. The eye was removed 2j years after treatment and the patient died 5 years later, having survived 6 years after cobalt therapy. There was no recurrence of the tumour but the cause of death is unknown.
Microscopical examination of the eye showed a spindle cell malignant melanoma of the choroid with a moderate pigment and reticulin content. There was no evidence of necrosis, and extraocular extension was not seen. The tumour was infiltrated by a moderate number of lymphocytes.
There was detachment of the retina, with albuminous exudate in the subretinal space.
CASE 4
Female aged 66. In 1961 an infero-temporal mass was discovered in the left eye, which was kept under observation until 1965, when the vision suddenly decreased owing to secondary retinal detachment. By this time the mass was considered too large for conservative therapy, but enucleation was refused by the patient, and she was treated by light coagulation and the application of a 15 mm cobalt plaque. Four months after treatment vision was almost completely lost owing to a dense vitreous haemorrhage which slowly cleared, but in July 1966, 9 months after treatment, clinical examination showed active tumour and the eye was removed. She is alive without recurrence 11 years after cobalt therapy.
Microscopical examination of the eye showed a spindle cell malignant melanoma of the choroid, having a moderate pigment content and a light reticulin content. Small areas of necrosis were seen peripherally and at the apex. There was no evidence of extraocular extension.
There was pigment proliferation and atrophy of the adjacent choroid. Bruch's membrane and the pigment epithelium overlying the tumour showed atrophic changes, and the overlying retina showed an area of necrosis with pigment migration.
CASE 5
This 54-year-old man had a malignant melanoma of the choroid treated by cobalt plaque therapy in 1962. Five years later there was a large active tumour at the posterior pole and the eye was removed. He is alive without recurrence 14 years after cobalt therapy.
Microscopical examination of the eye showed a lightly pigmented, spindle cell malignant melanoma of the choroid, with a moderate reticulin content. Haemorrhages were present within the tumour, but there was no evidence of necrosis nor extraocular extension.
There was atrophy of Bruch's membrane and of the pigment epithelium overlying the tumour, and with detachment and atrophy of the retina in that region; haemorrhagic exudate was present in the subretinal space. CASE 6 Female aged 38, presented with a choroidal malignant melanoma anterior to the equator in the upper temporal quadrant and under the lateral rectus. Two cobalt plaques (15 and 10 mm in diameter) were applied and light coagulation was also used. Three years after treatment the eye was removed because of severe necrosis of the sclera with threatened perforation of the globe. The patient is alive without recurrence 8 years after cobalt therapy.
Microscopical examination of the eye showed a lightly pigmented, spindle cell malignant melanoma of the choroid with a light reticulin content. There was no evidence of necrosis, and extraocular extension was not seen.
There was atrophy of the choroid and sclera adjacent to the tumour, and exudates and atrophic changes were seen in the retina overlying the neoplasm. There was atrophy of Bruch's membrane and of the overlying pigment epithelium. CASE 7 Male aged 50. A choroidal malignant melanoma was discovered in the infero-nasal quadrant between the equator and optic disc of the left eye. Treatment was by a 10 mm cobalt plaque. Postoperatively the mass remained unchanged in size; the eye became blind with intraocular haemorrhage and secondary glaucoma, and was removed 14 months after treatment. The patient died from bronchopneumonia 4 years after cobalt therapy. There was no evidence of recurrence of the tumour.
Microscopical examination of the eye showed a lightly pigmented, spindle cell malignant melanoma with a light reticulin content. A small area of necrosis was seen at the apex of the tumour, which also showed haemorrhages. There was no evidence of extraocular extension.
There was atrophy of Bruch's membrane and of the pigment epithelium overlying the tumour, and haemorrhage was present in the vitreous. There was marked atrophy of the adjacent choroid, atrophy of the overlying Bruch's membrane and of the pigment epithelium, and exudates and atrophic changes in the overlying retina.
CASE 10
Male aged 54, presented in August 1967 with a large malignant melanoma of the choroid in the infero-temporal quadrant of his left eye, extending towards the macula. The right eye was normal. The tumour was considered to be too large for conservative therapy, but the patient refused enucleation and was therefore treated with a 15 mm cobalt plaque. He retained some vision in this eye until August 1969, when a massive choroidal and subretinal haemorrhage occurred, leading to secondary glaucoma and complete loss of vision. The eye was removed 2 years after treatment, at which time he also had massive liver metastases. He died 4 years after cobalt therapy.
Microscopical examination of the eye showed a mixed-cell malignant melanoma of the choroid, having a moderate content of pigment and reticulin. There was extensive haemorrhagic necrosis of the tumour, which showed infiltration by lymphocytes.
There was atrophy, haemorrhages, and pigment proliferation of the adjacent choroid, atrophy of the overlying Bruch's membrane and of the retinal pigment epithelium, and diffuse atrophy of the adjacent detached retina. The subretinal space contained haemorrhagic exudate. Microscopical examination of the eye showed a lightly pigmented, spindle cell malignant melanoma of the choroid, with a light reticulin content. There was no evidence of necrosis, and extraocular extension was not seen.
The adjacent choroid showed sclerotic narrowing of its vessels, with atrophy and pigment proliferation. Atrophic changes were seen in the overlying Bruch's membrane and the pigment epithelium, and exudates and atrophic changes were seen in the overlying retina. The vitreous contained haemorrhages. There was thickening and narrowing of the posterior ciliary arteries. CASE 12 Male aged 56. This patient was first seen by his optician in 1965, who found a pigmented lesion in the left fundus which was thought to be an area of inactive choroiditis. In October 1969 he complained of blurred vision in his left eye of 3 weeks' duration. Vision was 6/9 and in the lower temporal quadrant there was a protuberant collar-stud choroidal melanoma with a small associated secondary retinal detachment. Male aged 50, presented in July 1970 with a 3-month history of a gradual onset of distorted vision, micropsia, and more recent blurring of vision. The left eye was normal. Right vision was down to 6/36 and a large melanoma was found adjacent to the posterior pole in this eye. A 10 mm cobalt plaque was applied, and in June 1971 vision was down to 6/60 and there was a marked radiation keratopathy, but the mass appeared to have regressed to some extent. In September 1971, however, a serous retinal detachment appeared, and the tumour was considered to be still active. The eye was removed in April 1972, 20 months after treatment. The patient is alive without recurrence 6 years after cobalt therapy.
Microscopical examination of the eye showed a lightly pigmented, spindle cell malignant melanoma of the choroid, with a heavy reticulin content. There was no evidence of necrosis, and extraocular extension was not present.
There was atrophy and pigment proliferation of the adjacent choroid, atrophy of the overlying Bruch's membrane and the pigment epithelium, and detachment of the retina, which showed exudates, atrophy, and some pigment migration.
CASE 15
Male aged 44. This man was first seen in November 1968 with a 3-month history of blurred vision in the upper temporal field of his left eye. Examination showed a visual acuity of 6/6 in each eye, and in the left eye a bulky choroidal neoplasm with a small secondary detachment was found on the nasal side of the fundus near the optic disc. It was considered too large and too near the optic disc for cobalt plaque therapy. The patient refused enucleation and insisted on conservative treatment, having been warned that he would certainly lose vision owing to the proximity of the neoplasm to the optic nerve. A 15 mm cobalt plaque was applied in December 1968 and 3 months later the detachment had cleared completely and the mass was smaller with vision retained at 6/9. By November 1970 vision had deteriorated slightly to 6/12 but had dropped to 6/60 by May 1971. In September 1971 the eye was blind with chronic uveitis, posterior synechiae, and extensive choroido-retinal degeneration. Fluorescein angiography in December 1971 showed that there was still active tumour, and in April 1972, 31 years after treatment, the eye, which by then was painful as well as blind, was removed. He is alive without recurrence 7 years after cobalt therapy.
Microscopical examination of the eye showed a heavily pigmented, spindle cell malignant melanoma of the choroid with a heavy reticulin content. There was extensive necrosis, but no evidence of extraocular extension was seen.
There was atrophy and pigment proliferation of the adjacent choroid, atrophy of the overlying Bruch's membrane and the pigment epithelium, and sclerosed vessels, exudates, necrosis, and atrophy of the overlying retina. CASE 16 Male aged 49, presented in March 1971 with a 4-week history of visual distortion followed by a shadow over the left visual field. Visual acuity was 6/5 in each eye. In the left eye a choroidal melanoma was found in the lower temporal quadrant and a 7-5 mm cobalt plaque was applied. Five months later vision was down to 6/18, the retinal detachment had disappeared, and the mass was smaller; in March 1972 the detachment recurred and fluorescein angiography suggested that the tumour was still active. The eye was removed 2 months later, 1 year after treatment. The patient is alive without recurrence 5 years after cobalt therapy.
There was atrophy of the overlying Bruch's membrane and pigment epithelium, haemorrhages and atrophic changes of the detached retina, and haemorrhagic exudate was present in the subretinal There was a normal choroid, and some atrophy of the overlying Bruch's membrane, pigment epithelium, and retina. Some haemorrhage was present in the vitrous.
CASE 21
Male aged 30. This patient noticed blurred vision in his left eye for 3 months, which was due to a malignant melanoma on the temporal side with an extensive inferior retinal detachment. A 10 mm cobalt plaque was applied in April 1969, and the detachment rapidly regressed. In June 1971 the vision was 6/9 and the mass appeared inert, although still slightly elevated. 12 months later the vision had dropped to 6/18 with a recurrence of the serous retinal detachment, and fluorescein angiography suggested that the tumour was active. In February 1974 the detachment had extended, with reduction of vision to 6/60, and the eye was removed 41 years after treatment. He is alive without recurrence 7 years after cobalt therapy.
Microscopical examination of the eye showed a lightly pigmented, spindle cell malignant melanoma of the choroid with a moderate reticulin content. There was no evidence of necrosis or of extraocular extension.
There was pigment proliferation of the adjacent choroid and atrophy of the overlying Bruch's membrane and pigment epithelium. The overlying detached retina showed atrophy and small haemorrhages, and the subretinal space contained haemorrhagic exudate.
CASE 22
This 75-year-old woman had a malignant melanoma of the choroid in her left eye, which was kept under observation for 2 years before the application of a cobalt plaque; this was followed by some episcleral necrosis and failure of the tumour to respond. The eye was enucleated 7 months after the application of the plaque, and she is alive without recurrence 1 year after cobalt therapy.
Microscopical examination of the eye showed a spindle cell malignant melanoma of the ciliary body and choroid with a moderate content of pigment and reticulin. There was no evidence of necrosis or of extraocular extension.
There was some superficial episcleral necrosis overlying the tumour. The adjacent choroid showed atrophic changes and pigment proliferation, and atrophic changes were also present in the overlying Bruch's membrane, pigment epithelium, and retina. CASE 23 Female aged 50. A malignant melanoma of the choroid was treated with a cobalt plaque in 1961 and light coagulation in 1962, after which the vision was reduced to hand movements. A prominent swelling remained but without clinical signs of activity until March 1975, when a large vitreous haemorrhage occurred with loss of light perception; the eye was removed. She is alive without recurrence 15 years after cobalt therapy.
Microscopical examination of the eye showed a lightly pigmented, spindle cell malignant melanoma of the choroid with a heavy reticulin content. There was no evidence of extraocular extension or of necrosis, but extensive haemorrhage was seen within the tumour.
There was extensive atrophy of the adjacent choroid and extensive atrophy of the overlying Bruch's membrane, pigment epithelium, and detached retina. Extensive haemorrhage was present in the vitreous and subretinal space.
A summary of the pathological findings is shown in Tables I and 2 and of the survival rate in Table 3 . 13 (11) (12) (13) (14) 16, 19, 21, 10, 20, 22) 3 (Cases 15, 17, 18) 9 (Cases 1, 4, 6, 7, 9, 11, 13, 16, 19) 8 (Cases 2, 3, 5, 10, 17, (20) (21) (22) 12, 14, 15, 18, 23) 2 (Cases 10, 15) 4 (Cases 1, 4, 7, 12) 17 (Cases 2, 3, 5, 6, 8, 9, 11, 13, 14, 16, 17, 18. 19, 20, 21, 22, 23) 6 (Cases 5, 7, 10, 13, 19, 23) Lymphocytic infiltration 3 (Cases 3, 10, 18) 4, 10-15, 17-19, 21, 22) (Cases 4, 6, 8-12, 14, 15, 17-19, 22, 23) (Cases 10, 13) (Cases 1, 4-7, 9-23) (Cases 1, 3, 5, 8, 10, (12) (13) (14) (16) (17) (18) (19) 21, 23) (Cases 13, 15) (Cases 1, 6, 9, (11) (12) (13) 15, 17, 18) (Cases 12, 13, 16, 19, 21) (Cases 4, 15, 19) (Cases 5, 6, (8) (9) (10) (11) (13) (14) (15) (16) (17) (18) (20) (21) (22) (23) (Cases 4, 13, 14, 17) 7 (Cases 5, 10, 13, 16, 19, 21, 23) 5 (Cases 7, 11, 19, 20, 23) The methods adopted have included destruction of the neoplasm by diathermy (Weve, 1935; Goldsmith, 1943; Melchers, 1953; Boniuk and Girard, 1965; Davidorf et al., 1970) ; ionising radiation using radon seeds (Moore et al., 1931; Newman et al., 1970) , radium discs (Stallard, 1952) , cobalt-60 gamma-ray applicators (Stallard, 1959 (Stallard, , 1968 Bedford, 1968; Long et al., 1971) , and ruthenium-106 beta-ray applicators (Lommatzsch, 1973) ; light coagulation (Meyer-Schwickerath, 1961; Lund, 1962 Lund, , 1966 Curtin and Norton, 1963; Makley et al., 1965; Hepler et al., 1968; Francois, 1965, 1968a and Dufour et al., 1968; Vogel, 1972 Vogel, , 1973 , and cryotherapy (Lincoff et al., 1967; Campinchi, 1968; Davidorf et al., 1970) . Others have attempted to save the eye by surgical techniques as by choroidectomy (Stallard, 1973) . In recent years there has developed a policy of no active intervention but careful observation of patients with initially small asymptomatic melanomata and good vision, particularly in the elderly, provided there is no evidence of extension or involvement of other intraocular structures (Curtin and Cavender, 1974; Zimmerman and McLean, 1975) .
That cobalt plaque therapy is highly effective in cases of retinoblastoma is not in doubt (Bedford et al., 1971) , but in cases of malignant melanoma of the choroid the success rate is less and the complication rate high, particularly loss of vision due to retinal vascular occlusion and optic nerve ischaemia Bedford et al., 1970) . Furthermore, it is now clear that some tumours do not respond at all to cobalt plaque therapy. After a period of apparent regression the neoplasm shows signs of continued growth with recurrence of serous retinal detachment, with increase in size, or with intraocular haemorrhage; the eye must then be removed. On the other hand enucleation may become necessary because of radiational complications leading to a painful blind eye even though the neoplasm appears clinically to have been destroyed. In cases which do respond with regression to a more or less flat scar there are after many months distinctive and progressive vascular changes in the fundus around the base of the tumour, which may take up to 2 years or more to mature, and it is now thought that in those successful cases regression is caused by progressive radiation-induced ischaemia rather than by the direct cytotoxic effect of radiation on the tumour (Bedford, 1973) .
Enucleation became necessary in 23 of our 100 cases treated by cobalt plaque therapy at Moorfields Eye Hospital, and histological examination of these eyes has shown that in 17 eyes there was no evidence of necrosis in the tumour, although there was clear evidence of radiation-induced changes in the adjacent tissues. In 6 eyes, signs of necrosis were found, but the extent of necrosis could not be correlated with cell type, pigment content, or reticulin content. However, the one example of a mixed cell melanoma did show extensive necrosis, whereas 17 out of the 22 spindle cell tumours showed no necrosis. Of the 2 cases showing extensive necrosis lymphocytic infiltration was found in 1 case (case 10), suggesting an immunological response; in the other 2 cases with similar infiltration necrosis was not evident.
The expression of the overall prognosis in percentages following enucleation for malignant melanoma is difficult. In general, however, the 5-year survival rate is about 50% (Duke-Elder and Perkins, 1966) . In our series the 5-year survival rate following cobalt therapy was 86%.
In a future report of the results of treatment for malignant melanoma of the choroid it is proposed to consider the possible reasons for failure of treatment in these cases in detail, but it is relevant here to note that several of the cases were deemed unsuitable for conservative treatment in view of the size and position of the tumour, but cobalt plaque therapy was applied in most of them because the patient refused to accept enucleation. 
